A reverse phase high performance liquid chromatographic method (HPLC) has been developed for the estimation of Alfuzosin hydrochloride (ALH) in the pharmaceutical formulation using RP-C18 column. The mobile phase (Tetrahydrofuran, Acetonitrile and buffer (pH 3.50) was pumped at a flow rate of 1.5 ml/min in the ratio of 1:20:80 and the eluents were monitored at 254.0 nm. Linearity was obtained in the concentration range of 80 -120 µg/mL for ALH. The method was statistically validated and RSD was found to be less than 2% indicating high degree of accuracy and precision of the proposed HPLC method. Due to its simplicity, rapidness, high precision and accuracy, the proposed HPLC method may be used for determination of Alfuzosin hydrochloride in bulk drugs and in pharmaceutical dosage form.
Introduction
HPLC has gained valuable position in the field of analysis due to ease of performance, specificity, sensitivity and the analysis of sample of complex nature. This technique is commonly used for the quantitative estimation of the drug from their formulation as well as for studying their metabolites and their estimation in the biological fluids. This method offers advantages of estimating the constituents for the multicomponent system without prior separation and even nano quantities can be estimated. Now days, drugs are commonly used clinically and analyst is required to develop suitable method for their analysis.
Alfuzosin hydrochloride (ALH) is chemically known as N-[3-[(4-amino-6, 7-dimethoxy-quinazolin-2-yl)-methyl amino] propyl] tetrahydrofuran-2-carboxamide with an empirical formula of C19H27N5O4·HCl (Figure 1 ) and molecular weight is 425.9 g/mol. ALH is alphaadrenergic blockers [1] and relaxes the muscles in the prostate and bladder neck, making it easier to urinate. It is used to improve urination in men with benign prostatic hyperplasia [2] .
Several analytical methods that have been reported for determination of ALH in biological fluids and pharmaceutical formulation which includes Spectrophotometric and Colorimetric methods [3] [4] [5] [6] [7] , voltammetry method [8] , Direct high-performance liquid chromatographic method is also reported for the determination of enantiomers of ALH in plasma [9, 10] . RP-HPLC method [11] [12] [13] [14] , Liquid chromatography-tandem mass spectrometry method [15] , validated HPLC and HPTLC stability-indicating methods [16, 17] RP-HPLC method for simultaneous estimation of Alfuzosin Hydrochloride and Dutasteride [18, 19] .
Most of the pharmaceutical industries perform quantitative chemical analysis to ensure that the raw material used and the final product thus obtained meets certain specification and to determine how much of each components are present in the final product. Standard analytical procedure for newer drugs or formulation may not be available in Pharmacopoeias; hence it is essential to develop newer analytical methods which are accurate, precise, specific, linear, simple and rapid.
A 
Experimental

Reagents
An analytical pure sample of Alfuzosin Hydrochloride was procured as a gift sample from Wockhardt Pvt. Ltd., Aurangabad, Maharashtra, (India). The formulation used was Alfuzosin Hydrochloride tablets containing 10 mg of Alfuzosin Hydrochloride were collected from retailer, Aurangabad, Maharashtra, (India).
All the chemicals used were of analytical grade. Perchloric acid (about 71% -73%) (AR grade), Sodium Hydroxide (AR grade) were purchased from Qualigens Fine Chemicals (Mumbai, India), Acetonitrile (HPLC grade) and Tetrahydrofuran (HPLC grade) were purchased from Merck (Darmstadt, Germany). Milli-Q/HPLC water was used for the preparation of buffer and other aqueous solutions.
Instrumentation
1) Chromatographic separation of Alfuzosin Hydrochloride was performed on Sil C-18 HS (KYA TECH, Japan) column having 250 × 4.6 mm ID and 10 μm particle size. The Liquid chromatographic system consists of following components: Jasco HPLC model containing PU 2080 Plus Intelligent HPLC pump, Jasco UV 2075 Plus Intelligent UV-Vis Detector and Rheodyne injector (7725i) with 20 μl fixed loop. A Borwin Chromatography software was used for data acquisition and evaluation.
2) The Shimadzu electronic micro balance was used for weighing purpose.
3) An Elder pH meter connected with a PPL CL-51BpH electrode was used to measure the pH of the aqueous mobile phase. 4) Microsoft Excel 2007 was used to calculate matrices and p values of the regression coefficients.
Standard Preparation
Accurately weigh and transfer about 25.0 mg of Alfuzosin Hydrochloride working standard into a 50 ml volumetric flask, to this add about 30 ml of diluent, Sonicate to dissolve and make up the volume up to the mark with diluent and mix. Pipette 5.0 ml of this solution to a 100 ml volumetric flask and make up the volume up to the mark with diluent and mix [20] .
Sample Preparation
Accurately weigh and transfer about 25.0 mg equivalent to Alfuzosin Hydrochloride of sample into a 50 ml volumetric flask, to this add about 30 ml of diluents, sonicate to dissolve and make up the volume up to the mark with diluents and mix. Pipette 5.0 ml of this solution to a 100 ml volumetric flask and make up to the volume up to the mark with diluents and mix.
2.5. Preparation of Buffer (pH 3.5 ± 0.05) Add 5.0 ml of perchloric acid (71% -73%) in 900 ml of water adjust pH 3.50 ± 0.05 with dilute sodium hydroxide solution and dilute to 1000 ml with water. Mix and filter the solution through 0.45 μm or finer porosity membrane and degas.
Preparation of Mobile Phase
Prepare a mixture of Tetrahydrofuran, Acetonitrile and buffer (pH 3.5) in the ratio of (1:20:80) v/v/v. Mix and filter the solution through 0.45 μm or finer porosity membrane and degas.
Preparation of Diluent
Use mobile phase as a diluent.
Preparation of Blank Solution
Use diluents as a blank.
Preparation of Rinsing Solvent
Prepare a mixture of acetonitrile and water as 40:60 v/v and mix.
Method Development
Selection of Chromatographic Method
Proper selection of the method depends upon the nature of the sample, molecular weight and solubility. The drug selected for the present study was polar. Polar compounds can be separated by reverse phase chromatography. Reverse phase chromatographic technique was selected for initial separations from the knowledge of properties of the compound. C 18 column was chosen as stationary phase and a mixture of Tetrahydrofuran, Acetonitrile and buffer (pH 3.5) in the ratio of (1:20:80) v/v used as mobile phase. Then it was run with different ratios of mobile phase.
Selection of Column
Better peak resolution with less tailing was observed Sil C-18 HS (KYA TECH, Japan) column having 250 × 4.6 mm ID.
Chromatographic Condition
A reverse phase C-18 column, equilibrated with mobile phase a mixture of Tetrahydrofuran, Acetonitrile and buffer (pH 3.5) in the ratio of (1:20:80) v/v/v was used. The active principle was eluted isocratically and the mobile phase flow rate was maintained at 1.5 ml/min. The effluents were monitored at 254 nm with the detector. The sample was injected using a 20 μl fixed loop and the total run time was 12 min.
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Procedure
Separately inject 20 µl of the blank solution (one injection), standard preparation in replicate (five injections) and sample preparation (in duplicate) into the chromatograph, record the chromatograms and measure area counts for Alfuzosin Hydrochloride peaks. 
Method Validation
The proposed RP-HPLC method was validated as per ICH guidelines.
Stability
In order to demonstrate the stability of the standard solution of Alfuzosin Hydrochloride during analysis, the solution was stored over a period of 24 hr at room temperature and then analyzed.
System Suitability
A Standard solution of Alfuzosin working standard was prepared as per procedure and was injected five times into the HPLC system. The system suitability parameters were evaluated from standard chromatograms obtained by calculating the RSD of retention times, tailing factor, theoretical plates and peak areas from five replicate injections ( Table 1) .
Specificity
Peak purity of Alfuzosin hydrochloride was assessed to evaluate the specificity of the method. The sample and standard chromatograms were scanned at three different levels, i.e. peak start (S), peak apex (M) and peak end (E) positions. The specificity of the RP-HPLC method was determined by comparison of the chromatogram of standard and sample solution.
Linearity of the Calibration Line
From the stock solution of Alfuzosin hydrochloride, prepare the dilutions over concentration range of 80 -120 µg/ml. These solutions were injected in to HPLC system as per test procedure and recorded the area under curve (Table 2) A calibration curve was plotted for concentration verses peak area and was shown in the 
Precision
System Precision
Five samples of 100 µg/ml solutions were prepared and injected into the HPLC system as per test procedure (Table 3).
Method Precision
Six samples of 100 µg/ml of Alfuzosin hydrochloride solutions were prepared and injected into the HPLC system as per test procedure ( Table 3 ).
Intra-Day Precision
Intraday precision of test method is demonstrated by three injections of the same batch (same concentration) of samples at initial, 24 and 48 hrs ( Table 4 ).
Inter-Day Precision
Inter-day precision of test method is demonstrated by three injections of the same batch (same concentration) of samples on three successive days ( Table 4 ).
Accuracy
The accuracy of the method was assessed by determination of the recovery of Alfuzosin hydrochloride at three levels of concentrations (80%, 100% and 120%) by addition of known amount of standard to the placebo. Solutions were prepared in triplicate and analyzed. This procedure was repeated for three consecutive days. Calibration curves to estimate the concentration of drug per peak were measured daily on the same column. The accuracy was determined and expressed as percentage recovery ( Table 5 ).
Robustness
The effect of deliberate variation in method parameters like the composition of mobile phase, temperature and flow rate were evaluated in this study. The effect of these changes on t R and peak area was evaluated by calculating the relative standard deviations (RSD) for each parameter.
Effect of Variation of Mobile Phase Composition
A study was conducted to determine the effect of variation in mobile phase ratio by changing the ratio of mobile phase i.e. Tetrahydrofuran: Acetonitrile: Buffer from 1:20:80 to 1:25:75 and 1:15:85. Standard solution was prepared and injected into the HPLC system. The retention time values were measured and are given in Table 6 .
Effect of Variation of Temperature
A study was conducted to determine the effect of variation in temperature. Standard solution was prepared and injected into the HPLC system by keeping temperature 30˚C, 28˚C and 32˚C. The effect of variation of temperature was evaluated and the results were discussed in the Table 6 .
Ruggedness
Ruggedness is the degree of reproducibility of the results obtained under a variety of conditions. It is checked that the results are reproducible under differences in conditions, analysts and instruments. It was tested on the second HPLC column of the same type by determining linearity, precision and accuracy. Linearity was performed at six concentration points for ALH in the concentration range from 80 -120 µg / ml. The regression equation was y = 19101x and the correlation coefficient was 0.9988. Intra-day precision and accuracy were determined by measuring three series of quality control samples. Relative standard deviations at all three concentrations studied for ALH was less than 2%. The relative error ranged from 0.9% to 1.0% of the nominal concentrations of the ALH. As it can be seen, the results of this assessment are very similar to those obtained by the previous ALH on the first investigation column. This means that this HPLC method for the determination of ALH in bulk tablet samples is rugged. The Chromatograms were shown in Figures 6 and 7 by different analysts.
Limit of Detection (LOD)
The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample that can be detected but not necessarily quantitated as an exact value.
Limit of Quantification (LOQ)
The quantitation limit of an individual analytical procedure is the lowest amount of analyte in a sample that can be quantitatively determined with suitable precision and accuracy. The quantitation limit is a parameter of quantitative assays for low levels of compounds in sample matrices, and is used particularly for the determination of impurities and/or degradation products.
Assay
Assay of tablet dosage form was carried by injecting sample corresponding to equivalent weight of ALH into HPLC system. The percent purity was found out using regression analysis. Recovery studies were carried out at 80%, 100% and 120%. The percentage recovery was shown in Table 7 .
Result and Discussion
Chromatographic Conditions for RP HPLC Method
The RP-HPLC technique was employed in the present investigation for Alfuzosin hydrochloride in bulk and tablet dosage form. Careful evaluation of various parameters influencing analysis is an important aspect for the development of analytical method. In order to establish RP-HPLC method, the parameters studies are discussed as follows. 1) Proper selection of the method depends upon the nature of the sample, molecular weight and solubility. The selected drug, Alfuzosin hydrochloride for the present study was polar. Polar compounds can be separated by reverse phase chromatography. Reverse phase chromatographic technique was selected for initial separations from the knowledge of properties of the compound. C 18 column was chosen as stationary phase and a mixture of Tetrahydrofuran, Acetonitrile and buffer (pH 3.5) was used as mobile phase. Then it was preceded with different ratios of mobile phase;
2) During selection and optimization of the mobile phase it was observed that the retention time of Alfuzosin hydrochloride is decreased with increased in the proportion of organic modifier like acetonitrile in the mobile phase. The sharpness of the peak is achieved with increasing the proportion of acetonitrile whereas the increased 
Method Validation
proportion of aqueous resulted in broadening of the peak. Thus mobile phase comprising of Tetrahydrofuran, Acetonitrile and buffer (PH 3.5) (1:20:80) was confirmed. The selection of the wavelength was based on the λ max obtained by scanning of standard laboratory mixture in mobile phase and was found to be 254 nm. This system gave good resolution and optimum retention time with appropriate tailing factor (<2).The mean values of system suitability test result are depicted above. After establishing the chromatographic conditions, standard laboratory mixture was prepared and analysed by following procedure described under experimental and results. As the method give accurate, reliable results and therefore was extended for estimation of drugs in tablet formulation.
Validation of these of these methods was performed as per the ICH guidelines for these following parameters.
Stability and Suitability
The solution of Alfuzosin hydrochloride was found to be stable for one day at room temperature.
From the system suitability studies it was observed that all the parameters were within limits. The RSD for the retention times of principal peak from 5 replicate injections of each Standard solution was observed not more than 2.0%, the tailing factor (T f ) for the Alfuzosin Hydrochloride peaks was observed not more than 2%. and the number of theoretical plates (N) for the Alfuzosin peaks was observed not less than 2000 (Table 1) . Hence it was concluded that the Instrument, Reagents and Column were suitable to perform the assay.
Specificity
Studies show that there is no interference of peak from the component showing retention time for Alfuzosin HCl 7.632 min ( Table 1) .
Linearity
The linearity range was found to be of 80 -120 µg/ml as shown in Tables 
Precision
Replicate estimation of tablet analysed by the proposed method has yielded quite consistent result indicating repeatability of method. Study showed ±S.D. < 2. The Relative Standard Deviation (RSD) of results for system and method acceptance criteria were observed not more than 2.0% as shown in Table 2 . Similarly the relative standard deviation of three replicate injections for intraday and inter day precision were not more than 2.0% (Table 4).
Accuracy
Accuracy of the proposed method was ascertained from the recovery studies by standard addition method. The mean % recovery of the Alfuzosin hydrochloride at each level was observed not less than 97.0% and not more than 103.0%. The results were observed good recovery within limits (98% -102%) as discussed in Table 5. 6.2.6. Robustness Table 6 shows that RSD and asymmetry factor for ALH standard was found to be within a limit of 0.5 to 2.0 for variation in composition of mobile phase and temperature. Thus, the proposed method is robust for small variations in the test method.
Ruggedness
Studies were carried out only for the two different parameters like different time, different days and different analyst. Results of estimation by proposed method are very much similar under variety of conditions as shown in Figures 6 and 7 . This study signifies the ruggedness of the method under varying condition of its performance.
Limit of Detection and Limit of Quantification
(LOD and LOQ) On the basis of response and slope of the regression equation, the LOD and LOQ for this method were found to be 0.3212 and 0.5764 respectively.
Assay
Assay results show excellent label claim of 99.67% -99.98% for ALH ( Table 7) .
Conclusion
A new, simple, quick, precise and accurate method based on HPLC has been developed with short analysis time using the mobile phase of Tetrahydrofuran: Acetonitrile: buffer (1:20:80) % v/v/v. The method was successfully validated for stability, specificity, linearity, precision, 
